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liN itlxKAl-ED CIRCUIT breakdoNvn with the convenUonal drawbacks that this 

Thi, _f • • . . The drawbacks include the need for an external 

0, n^'r.^v'* %?",'«TJ"*°° »f«PP»ic«tio«Ser. No. voltage with a specific access pad or an interna 

08-;,43.U7. filed Nov. 28. 1994. now abandoned. s volugp. but an internal voltage I less reUableTcd 

BACKGROUND OP THE INVENTION , O^TS^^'^rLtZ^^lf^^^^ 

1. Field of the lD\^CDtioD JJV ^"°?P^^ 0^ ^ can work at vcrv low voltage 
The invention relates to integrated circuit^s and. tnore XTfoL^^Jr^ ^""^ ^^^^^^ 

specificaUy. ii relates to the making of irreversible locking o., ^ ^ n. 

clemenis that can be used to permanently modify the func- SUMMARY OF THE INVENTION 

lions of ccruin parts of the circuit or access to these parts. According to the invention, it is proposed to make a fiise 

The standard term "fuse" shaU be used hereinafter to ^^^^ * "^^^ shaUow NP semiconductor junction 

designate thesp locking elements, it being understood nev- 15 capable, when it gets heated, of 

cnheless that this is a figure of speech referring to a function ^^^"^ diffused in the semiconductor until the junction is 

and that the structure of these elements docs not necessarily short-circuited. 

implement a physical fusing operation. state of the junaion can then be detected by a simple 

2. Discussion of the Related Art detection circuit. 

A common application of fuses in the field of integrated 20 , Th« ,i°^'«Dtion may include a shallow, doped semiconduc- 

circuits relates to chip cards: it is often sought to prohibit ^ example, about some tenths of a micrometer) 

access to memor>' zones or to certain functions, the prohi- ^ semiconductor region having an opposite type 

bition being applied progressively as these cards go throueh conductivity and a metal contact formed on the doped 

the stages of being manufactured and madceted regon, the metal of the contact being capable of getting 

A i>T)ical example is the foUowine one- the card manu ^ ihxoughout the depth of the doped region in the 

facrurid by a card mamifacSreS haveThs l'"^^"" f ' ^'^^^ ^^^^"^^^ ^^^^^ W^ed 

points of access authorized «S alTSKSL au^^^^^^ """T" "T"' "^^^^^ 

if only for testing purposes. Then, certain confidential data tH/cl!n^""f u '"^''^ "^."J" "PP"'^'*^^ ^^P* ^ 

elemenishavetobemadeinaccessible:forexample,thecaS f'^^^'^'^^f^^^^^^ 

manufacturer docs not wish the programs of the operitinc ^ ^^^^med But it is simple to provide a structure where the 

system (which are in the read-onlv memory in the chio^ to of an opposite type is a well diffused 

be acccssfljlc in read mode. One o'r more fuses are blov^ to 2 ^ . * ^ °^ conductivity opposite to that of 

prohibit this hilheno possible reading operation. The card ^^tf ^^s^^«c. 

may then be dehvcrcd, for example to a provider of a service u ^°°Jf metal may be aluminium. The current density 

(a bank, telephone company, etc.). The provider of the must be applied to obtain sufficient heating and this 

scrN-icc will place other programs and confidential data in the diffusion of the metal towards the junction may be 

card (in a programmable memory), and may wish to physi- *PP«>»?atcly 1 millamperc per square micrometer of con- 

cally prohibit read and write access to these programs and surface, for example. The period of application of the 

data elements. Other fuses could be blown at this point in ^^"^^ ^^^^^ seconds. 

lime. 40 Id the case of standard MOS technology integrated cir- 

Fuses presently used in this type of application include "^ir implantation of source and 

for example: ^ «ion mciuoe, drain self-abgncd by a gate, the shallow doped region may 

polyciyslallinesiliconfiisesinwhichabreakdowncurrcnt nlfn J^?'' f°™«^i|°^^^^«>^ly ibese source and 

is appHed to a very thin layer of poly™ uTsS T ^7^^?^^^°°^- The doping may be. for example, of the 

. which gets he^teLndevSoS^^^^ (ct^liT^^^^ 

in v^lrich it is placed. Tliis tvoe of fusThaclmhUm^ (complementary MOS) technology, comprising N channel 

reUabiHty relat d o po^^^^ transistors formed in the type substrate and P channel 

the conductor will L reconsS ove' a pe^d 5 m^S° mlrbv me^^nf" • ' "^t' shallow doped region 

lime. . ywwu wi may De made by means of an implantation identical to a 

oYiH^^ hn-aVHrt^x,^ ccDonx^ ^° ^^"^ °^ ^ ^ channcl transistor in an N type wcU 

is likened to an intact state of the and the^m y^- »»y have means for ibe forward 

drawbacks. For example, greater cost due to an addi- tf . Zrr,r„ w-.. • j '"-^pcres. 

tional supply terminal which is also ttoubte^rfor .n • • u '''''^''on °>»y "cl^de 

iheuserwbohasto pl^forThb^togrpS^^ «^imng,he voltage generated at the terminals of .be fi«e. 

Ute breakdown occL throtjh .SrSSonTf a I'^'t^, ":ZT>IT^' '° f 

series of voltage pulses, but if Ibe breakdovra is not v ! , '""^^ 

successful at the fi'rst V^emp SZ^mSS^X ^^TnlV^' u >f ^ biased 

more.difficult; " «<=™m» progressively NPjuncuon voltage (i.e. representative of an intact junction) 

" "biaii''EEPBn\4 ;i;;m«™ ~ii ■■ " Of***™?" -vflluge at the terminals of a.low-value resistor 

^1 „; ^-7 * ^^^^ ''° «P«««»«ive of a junction short-dicuited by the 

source or dram, which can be erased once but never metal). . "^^""^ 
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volts. An appropriate value for the threshold is about 0 3 ^ I 

volts. The threshold value may be produced by a forward semiconductor may be sflicon. 
biased and non-fused diode. 5 The P+ type region 12 may be demarcated laterally by 

If, however, the biasing used is a voltage biasins the ifsulating zones 14, preferably made of thick silicon 

current flowing in the fuse may be detected and comDared - localized thermal oxidation. The size of the 

. with a threshold vahie. For example, a current mirror mav be [^^lon 12 may be some miaomcters long by some microme. 
provided to detect the current of "the fuse and carrv it in'io a 

resistor so as to create, at the terminals of this resistor, a lO 7^^ ^^P* ^^S^^^ ^ ^ small: some icDths of a 

voltage drop representing the cunreni that flows through ie micrometer, preferably about 0.2 micrometers, 

fuse, llic voltage drop thus created therefore represents the concentration of N type impurities in the weU is 

state of the fuse. An appropriate choice of the conversion prc^rably the same as that used to form the wells of ihc P 

ratio of the current mirror and of the value of the resistor will channel transistors of CMOS integrated circuits This con- 
make it possible to select a value of voltage appearing at ihe 15 ceniration is, for example, 10'^ lo 10^* atoms per cm* 

icrmmals of thfe resistor that, in a binary manner, represents approximately. The doping impurity may be phosphorus or 

the fused or non-fused state of the fuse. arsenic, for example. ^ j j i^uurusor 

In accordance with one feature of a fuse according to the concentration of P+ type impurities in the shaUow 

invention, the fuse is blown by the appHcation of a forward "^^ion 12 is preferably the same as that used to form the 

biasing current of the junction. However, it may also be self.aligncd sources and drains of the P channel MOS 

desired to read the fuse state by subjecting it to forw-ard tr^istors, Tliis concentration is, for example, about 10^^ lo 

biasing. Reading the &se state using a fiorward bias mav be P«r cm' approximately. TTie doping impurilv 

accomphshed by: • may be boron, for example. ' S *mpuni> 

either a comparator with a very low threshold capable of ^PP*"^ P^ I'cgion 12 is in contact with a metal 
distinguishing between an intact fuse exhibiting a volt- " conductor 16 forming a first terminal A of the fuse. Another 

age drop of 0.6 to 0.7 volts and a blown fuse exhibiting conductor 18, elecuically connected to the N- well 

a voltage drop of 0.1 to 0.2 volts; constitutes the other terminal B of the fuse. The conductors 

or another system of precise detection capable of idcnii- ^ ^^^^ °^ aluminium, for example, which is a metal 

fying a difference between the current flovrfng ihrouch ^°°™°^y ^ 1° field of silicon integrated circuits, 
a forward biased junction and the current- fiowin© . Aluminium has good properties of diffusion in silicon in 

through a junction short-circuited by diflEusion of ahi* *® presence of a rise in temperature. This is why it is 

piinum. possible to make the conductor 16 out of aluminium. Other 

It is alsd possible to read the state of the fiise bv reverse similar properties could also be used- instead of 
biasing the junction between the shallow doped region and 35 ^1^°^"""™* 

the weU in which it is formed. The reading and blov^ing conductor 18 is in contact with an N+ tvpe diffused 

arcuitry is more complex but the difference bctWcen the • 20 that is locally diffused on the surface of the well 

blown state of the fuse (ix. a short-circuited junction) and enables the setting up of an ohmic contact between the 

the non-blown state (i.e. a reverse biased junction) is easier ^ weU and the terminal B. This N+ region 20 is separated 
'° ^^^^^'^^ 40 fr«>m the P+ region 12, for example by a portion of a thick 

BR.EF DESOUPnON OF TOE DRAWINGS T^S.^S^^KnO. ?:.n:s^ofl'^l:':i^Z^. 

Other features and advantages of the invention shaU 20 surrounds region 12. and this is why 

appear from the foUowing detaUed desiripu^n! made S u " °° ^"^"^^ ''Sion 

reference to the appended drawings* of which: rn. 

FIG. 1 shows a «»oss-section of the fuse according to ihc of ^'^rf^^/.l ""^"^ '^'^ « k'^i P«rt 

inventmm "."jramg lo me of the surface of the region 12, for example on a surface area 

Pin 9 cK™t» . , u .- j • , . micrometer by 1 micrometer at its center. He contact 

fie. 2 shows a schematic drawing of the fuse blowina is designated by 22 in FIG 1 

control fuse state reading circuit. " TTie fuse works as foUou-s.' 

and Lc^o'n^^^t"" °^ k * " diode 

oeiecuon circuit between the terminals A and B. When this diode is forward- 

fiu. 4 shows an alternauve schematic drawing iUustrai- Wased by a suffidem read current, there is a voltaae droo of 

mg readmg of a reverse biased junction.' about 0.6 to 0.7 volts at its terminals. TTie read current is 
nirrAiT cn r.i:cAv,T«^«K. " adjusted by a current source. The read current appUed may 

DETAILED DESCRIPnON be some microamperes for a junction surface area of about 

The fose according to one aspect of the. invention there- ^° micrometers, 

fore essentially has a shaUow PN semiconductor junction • ' * '"^'^ current is appUed lo its lerminaU 

covered with metal. The meul is capable of diffusing into forward bias, resulting in a current density possibly 

the junction in response to a rise in temperature, to the extent "?'*"'S a value of about 1 miUiampere per square 

of short-circuiting the junction. imcrometer at the position of the contact 22 between the 



LXVte^^^^^^^^^^ - one e.boi.„t of .he invention, the 

Tlic aluminium thco^iiffuscs into the s^ic^nXZT^c tt^^'l^"^, t o f '^"^ 

junction betx^-een the region 12 and the NwelL If a sufficient ^1 t ' 

quantity of alumioium diffuses into the vicinity of the NP 5 \ ^ol^g^ at A (measured with respect to the ground 

junction, then the MP junction will be practicaUy short- u • " " ilireshold. the fuse is considered to 

circuited. Tte fuse is then in its blown stale. The period of " ^^'^^^^ ^ considered to be blown. 

application of the current may be some scconds,.f6r example . ^° ^^^P^^ shown in HG. 2, the threshold comparator 

10 seconds, 10 achieve tbis result In order to facilitate this ^ <^0D5iiiuied quite simply by an N type transistor T2 with 

• process, the NPjunclion is shallowly located with respect to 10 ^ »lircsfioId voltage (Vt equal to about 0.2 volts) 

contact 22. This transistor has its gate connected to the terminal A and 

in the blown slate, the fiisc no longer behaves like a diode !^ ^ series-connected with a P channel bias transislor T3 that 

but like a simple low-value resistor. The reading current ^ conductiN'e by its gate connected to the ground Vss. 

applied, for example some microamperes, generates a drop transistor T2 with a very low threshold voltage is obtained 

in voltage Which can hardly exceed some tens of millivolts is ^^^.^^'^'^^^g i^e doping of its diannel with P type impurities 

This voltage dtop is for less than the drop in voltage at the ^ channel transistors of the circuit which 

terminals of the intact junction. ^-^'^ a threshold voltage of about 1 volt. 

In order to be used as a circuit locking clement the fuse 9^'>s«i:^°tb'. transistor T2 is a so-called "native" tran^ 
IS placed in a circuit that enables both an electrical blow-out P°""^ of junction between the drains of the 
command and a state detection command. AbloWK>ui com- 20 and T3 consiimte the output S of the com- 
mand circuit and a state detection circuit are therefore ^if^*^°^ c possible to give a signal representing 
associated v^ith the fuse. ™ 0' signal is dose to Vss if the fuse is 

The use of a direct reading ftise has the advantage that one u!^^^ "^J^ ^^"^ ^ '^^ ^^'g^^l 

of the terra inals of this diode is permanently conn«:ted to the . desired, for example to piohM a path of access 

ground. Therefore, attempts at fraud are more difficult 25 ? wtegrated drcuil. notably when 

FIG. 2 shows a simple example illustrating the principles ' nT.'iT I '''' r 

of this circuit. Qrcuits of greater sophistication mav be J I ^ ^^"^^^^^ example of a cucuil for controlling 

provided. ^ rcadmg the slate of the fuse. In this drawing, the fuse F 

-Die fuse is designated by the reference F in RG 2 k ^^^^'^ ' """^'"^^ ''^""^^ transistor T4 

Th» wrm;„,'i A ,.f ,1. ft • ^ forward-biased. The voltage applied in this embodiment 

llie terminal A of the fiise is connected to a terminal of a „ mav ht tenths of volts, for examok lliis is ohtainedihZai, 

"""^T abiasingofthegateombyTSSor^^?^^^^^^ 

Sc^f ^r.T''^''"?P'''''™r'^«=°^'*'''"''Srated T8. Tne K. chaLl transistor T7T«Lne«*d as 

circuit TTiis voltage is the normal supply voltage of the betweenihegateofT4andthegro,.Kl>^ TSttr^fctoTS 

Integra ed nrcuit for example about 3-5 volts, because the is connected between V« a«d ^^SrifesV«Z^^ 

pnociple of the fuse described in this invention does not ^ to T7. In this ex«nple. Ss^nSfS^by ^ 

^e/lofrH M ^ Up. negative feedback between the cuTwnt flowing 

hio^ ^. '".''iT'SI!'. ^ « '^""S'' '^^ ^ ^ voltage bias of lUs fuse 

current sufficient for the ament density at the 50 mirrors the current in the fuL in a resistor R. 

SmJfl r?^* ° V^"^?^^^^ rise that will cause the point between the resistor R and the transistor T6 is h2 

T^^Z^Zff^T if f°»<^o°?^*=tor. According to output S of the circuit If the fuse is intact, the current that 

one embodm:enl, transistor Tl is capable of tetting through flows through it is relatively low and current in the 

TT, resistor R is also low. The voltage at the terminal S is close 

ine Dlow<»ut command circuit may be as simple as only 55 ^^s. If, on the contrarv, the fuse is blown, the current is 

tajs transistor Tl. . far greater in the fuse and therefore is correspondingly 

For reading the sute of the fuse, there is provided a circuit greater in the resistor R. The voltage at the output S 

comprising a current source SCL to direct a read current of approaches Vcc. It is thus possible to detect the state of the 

some microamperes into the fuse, from the 'terminal A to the 

terminal B. The current source is therefore connected 60 A transistor T9 (P channel transistor) connected between 

between the terminal Vcc and the terminal A of the fuse. Vcc and the gate of T4 ensures that the circuit starts up 

mere is ibcrefore a current bias of the fuse in a direction properly when the voltage is turned on but does not play any 

causmg the NP junction to be forward-biascd. The terminal role thereafter. It has very low capacity to conduct current 

A is furthermore connected to the input of a threshold because it has a great length and smaU width 

^^^iS^ht signal appear. 65 Finaily. a transistor TIO capable of conducting substantial 

^fJ^^ T"^^ indicates Whether the voltagr at A- • -current pla>-s the rolcr of the transistor Tl of n^no blow 

is greater than or lower than a predetermined threshold. the fuse. 



